All relevant data are within the paper and its Supporting Information files.

1. Introduction {#sec001}
===============

The accumulation of heavy metals in soils not only leads to a decline in the production and quality of agricultural yield but also poses a serious threat to human health through the food chain, as their detrimental impact appears after several years of exposure \[[@pone.0230191.ref001]\]. Thus, heavy metal pollution directly influences the quality and safety of agriculture products by affecting the soil environmental quality and safety \[[@pone.0230191.ref002]--[@pone.0230191.ref003]\], which is not only key to the sustainable development of farmland resources and land conservation but also the basis of national food security. Soils are vulnerable and recover with much difficulty from environmental contamination because, although slow auto-remediation processes are implemented, the fast dispersal and dilution mechanisms meet functional limitations in soils \[[@pone.0230191.ref004]\]. Heavy metal (Hg, Cd, As, Pb, Ni, Zn, Cu and Cr) accumulations in farmland soils are caused by the contamination of agricultural lands and deterioration of the environment, possibly due to the long-term toxicity, strong latency, and low migration rate \[[@pone.0230191.ref005]\]. However, certain heavy metals (Cu and Zn) are critical for plants and living organisms up to a certain content. They might become harmful when their concentration exceeds the primary value, and toxic effects are likely to occur and to pose a threat when heavy metals enter the human body via the food chain \[[@pone.0230191.ref006]--[@pone.0230191.ref009]\]. The concentration of heavy metal elements in the soil is an important indicator of the soil environmental quality in vegetable bases \[[@pone.0230191.ref010]\]. Furthermore, the high level of accumulation of heavy metals in vegetable fields not only directly changes the physical and chemical properties of the soil but also leads to the decline in the vegetable quality and variety \[[@pone.0230191.ref011]\]. Such effects are likely to bring about potential risks to both human health through the food chain and environmental quality and safety through secondary pollution \[[@pone.0230191.ref012]\]. Therefore, heavy metals are persistent and accumulative, which can pose potential risks to ecosystem and human health \[[@pone.0230191.ref013]--[@pone.0230191.ref014]\]. Ecological risk assessment is an effective tool to evaluate the impact of chemical contaminants on ecosystems \[[@pone.0230191.ref015]\]. In this regard, the objective of our study is to present and discussed properly for the first time the ecological risk that could be associated to heavy metals in surface soils of this vegetable bases. Then we using the positive matrix factorization (PMF) method to fully identify the possible different pollution sources and relative contributions of the eight heavy metals.

To control and prevent heavy metal pollution, the source identification and apportionment are very important, and the selection of a proper and effective model is essential for accurate results \[[@pone.0230191.ref016]--[@pone.0230191.ref017]\]. Several receptor models have been used to identify heavy metal sources. The models are principal component analysis (PCA), unmix models (UNMIX), chemical mass balance (CMB)and positive matrix factorization (PMF) model. All models have their upsides and downsides, as demonstrated in previous comparison studies \[[@pone.0230191.ref018]--[@pone.0230191.ref019]\]. PMF model is a well-known receptor model that along with the combination of multivariate statistics, has been widely used for apportioning the source of heavy metals. Compared with the other three models, the factors obtained from the PMF analysis represent the main sources that were used to yield the simulated data most closely. The short non-negative constraint is another remarkable downside of the PCA, APCS and CMB methods \[[@pone.0230191.ref020]\]. Many studies were carried out using the PMF model and valuable results were obtained \[[@pone.0230191.ref001]\], \[[@pone.0230191.ref021]--[@pone.0230191.ref024]\].

The aims of this study to determine the present state of heavy metal pollution and the lateral ecological risk of heavy metals as well as to determine the possible contamination sources in the suburban vegetable bases in Urumqi, China, to provide a scientific basis for the prevention and control of pollution, promote the production of green vegetables and ensure the quality and safety of the vegetables for protecting local human health. Urumqi is an economically quickly developing inland city with a permanent population of 3.5 million inhabitants in north western arid China \[[@pone.0230191.ref025]\]. However, in 1998, an evaluation by the World Health Organization (WHO) indicated that Urumqi is one of the top 10 (ranked as the fourth) most heavily polluted cities in the world \[[@pone.0230191.ref026]--[@pone.0230191.ref027]\]. Thus, it is essential to conduct research on the suburban vegetable planting area. A previous study \[[@pone.0230191.ref028]\] focused on analysing the health risk assessment and pollution characteristics of six heavy metals on this vegetable basis but did not specifically perform heavy metal source apportionment. In this paper, we use the geo-accumulation index (I~geo~), potential ecological risk index (RI) to evaluate the present pollution states and potential risks and use the positive matrix factorization (PMF) method to fully identify the possible different pollution sources and relative contributions of the eight heavy metals. The results obtained from this study provide both scientific insights for the further control and prevention of heavy metal contamination in suburban agriculture areas and an objective basis for safe consumption.

2. Materials and methods {#sec002}
========================

2.1 Study area {#sec003}
--------------

Urumqi, located in the Xinjiang oasis, is the capital of the Xinjiang Uygur Autonomous Region and a typical inland metropolitan city in the northwest region of China. Urumqi ([Fig 1](#pone.0230191.g001){ref-type="fig"}) (approximately located between 86° 37′ 33″ and 88° 58′ 24″ E, and between 42° 45′32″ and 44° 08′ 00″ N) is surrounded by the northern foot of the Tianshan Mountains and the Jungger Basin to the north, with a temperate continental climate.

![Location of study area and sampling sites.](pone.0230191.g001){#pone.0230191.g001}

The cultivation area of vegetables in Urumqi includes the northern vegetable bases (Anningqu Town) and the southern bases. The Anningqu Town, situated in the northern suburbs of Urumqi, is a triangular area, where 312 National Highway, 216 National Highway, TuWuDa Highway and Wukui Highway intersect, with an area of approximately 120 km^2^ \[[@pone.0230191.ref028]\]. Additionally, the main products of the area are tomatoes, beans, wheat, radish, bitter gourd, and cabbage; finally, groundwater or drainage water is used for irrigation in this area.

2.2 Sampling {#sec004}
------------

There were 146 soil samples in total collected at a depth of approximately 0--20 cm from the Anningqu Town of Urumqi during July 2017 for the study ([Fig 1](#pone.0230191.g001){ref-type="fig"}). Soils in the vegetable farmland is light loam and light sandy with pH ranging from 7.9 to 8.0. The majority of the selected sample sites (56 out of 146; 38.36%) was located in Liushihu village, while the rest of the sites were located in Qinggedahu village (42 out of 146; 28.77%), Sishihu village (26 out of 146; 17.81%) and Anningqu town (22 out of 146; 15.07%). To ensure the soil sample quality control, the fieldwork was performed based on a standard operation procedure (SOP). Considering the characteristics of the topography and planting area, the soil sampling was conducted via the grid method with a 0.7 km × 0.7 km grid, while the sampling point locations were recorded using the global positioning system (GPS). Additionally, approximately 3 to 5 subsamples were taken at each grid point, randomly mixed and the quartile method was used to obtain a bulk sample of approximately 1.0kg. Finally, the bulk samples were stored in polyethylene bags, which were transported to the Xinjiang University laboratory.

2.3 Sample processing {#sec005}
---------------------

The soil samples were air-dried in the laboratory with the methods of the Environmental Protection Standards of the People's Republic of China (HJ 803--2016) issued by the Ministry of Environmental Protection, and then, the samples, which had been dried, were sieved with a sieve that had a sieve size of ≤0.149 mm. Soil pH was determined in soil and water of 1:2.5 (w/v), using a pHS-3C digital pH meter (Shanghai REX Sensor Technology Co., Ltd., China) in accordance with the agricultural sector standard of People\'s Republic of China (NY/T1377-2007). Soil texture was determined by a laser particle size analyzer. The concentration of soil organic matter (SOM) in farmland were tested in the Xinjiang University laboratory used SOM fractionation method. Thereafter, 0.25g of the soil samples was placed in a 50ml Teflon Crucible and digested using theHN0~3~-HClO~4~-HF-HCl digestion method on a hot plate. Finally, the total As and Hg concentrations were measured by a Beijing General Analytical Instrument Co. PF6-2 dual channel automatic atomic fluorescence spectrometer, and the detection limits for Hg and As were 0.005 and 0.01 mg/kg, respectively. The total Zn, Cu, Cr, Pb, Pb, Cd and Ni concentrations were determined using an atomic absorption spectrophotometer. The detection limits for the heavy metals Zn, Cu, Cr, Pb, Cd, and Ni were 0.5, 1.0, 2.5, 0.06, 0.05 and 2.5 mg/kg, respectively. To ensure the accuracy of the analysis, the GSS-12 method (with geochemical soil standard references samples) was adopted for the purpose of quality control, and each sample was subjected to three replicates of parallel experiment treatment, and the mean value was used for analysis.

2.4 Pollution assessment methods {#sec006}
--------------------------------

### 2.4.1 Geo-accumulation index {#sec007}

To evaluate the heavy metal contamination level, the geo-accumulation index proposed by Müller \[[@pone.0230191.ref029]\] was used in this experiment. $$I_{geo} = {log}_{2}\left( \frac{C_{i}}{1.5 \times B_{i}} \right)$$ where *I*~*geo*~ is the geo-accumulation index of a sample site; *C*~*i*~ is the measured concentration of heavy metal *i* in the soil, mg/kg; *B*~*i*~ is the background value of heavy metal *i*, mg/kg; and 1.5 is the background matrix correction factor due to lithospheric effects. In this study, the soil background values of Xinxiang were used as references to assess the present pollution state and potential for ecological risks, and the background values for Hg, Cd, As, Pb, Ni, Zn, Cu and Cr were 0.017, 0.12, 11.2, 19.4, 25.20, 68.8, 26.70 and 49.3 mg/kg, respectively (CSEPA, 1990). The classifications of *I*~*geo*~ are: *I*~*geo*~ ≤ 0 is no contamination (I), 0 \< *I*~*geo*~≤ 1 is light to moderate (II), 1\< *I*~*geo*~ ≤ 2 is moderate (III), 2 \< *I*~*geo*~ ≤ 3 is moderate to heavy (IV), 3 \< *I*~*geo*~ ≤ 4 is heavy (V), 4 \< *I*~*geo*~ ≤ 5 is heavy to extremely serious (VI) and *I*~*geo*~ ≥ 5 is extremely serious (VII), respectively.

### 2.4.2 Potential ecological risk assessment {#sec008}

To assess the level of ecological risks, potential ecological risk index (RI) methods were used, which were proposed by Hankinson \[[@pone.0230191.ref030]\], according to the characteristics of the heavy metals and their environmental behaviour. The RI is highly associated with three coefficients, namely, the individual pollution coefficient, the response coefficient of heavy metal toxicity and the potential ecological risk individual coefficient, and can be expressed as follows \[[@pone.0230191.ref031]\]: $${RI} = \sum\limits_{i = 1}^{n}E_{j}^{i} = \sum\limits_{i = 1}^{n}(T^{i} \times C_{j}^{i}) = \sum\limits_{i = 1}^{n}(T^{i} \times \frac{C_{i}}{B_{i}})$$ where RI is the potential ecological risk index, E^i^~j~ is the potential ecological risk individual coefficient of heavy metal *i* at sample site *j*, and T^i^ is the toxicity response coefficient of heavy metal *i*. In this study, we adopted reference toxicity values for each heavy metal in the order of T^Zn^ = 1, T^Cr^ = 2, T^Cu^ = T^Ni^ = T^Pb^ = 5, T^As^ = 10, T^Cd^ = 30 and T^Hg^ = 40. *C*~*i*~, *B*~*i*~ and n followed the same order as above. The classification conditions of potential ecological risks are shown in [Table 1](#pone.0230191.t001){ref-type="table"}\[[@pone.0230191.ref032]\].

10.1371/journal.pone.0230191.t001

###### Classification criteria of potential ecological risk index.

![](pone.0230191.t001){#pone.0230191.t001g}

  Grades   I~geo~        E^i^~j~               RI              Class of ecological risk
  -------- ------------- --------------------- --------------- -------------------------------
  I        I~geo~ ≤0     E^i^~j~ \< 40         RI \< 110       Low potential ecological risk
  II       0\<I~geo~≤1   40 ≤ E^i^~j~ \<80     110 ≤ RI\<220   Moderate potential risk
  III      1\<I~geo~≤2   80 ≤ E^i^~j~ \<160    220 ≤ RI\<440   Considerable potential ris
  IV       2\<I~geo~≤3   160 ≤ E^i^~j~ \<320   440 ≤ RI\<880   High potential risk
  V        3\<I~geo~≤4   E^i^~j~ ≥ 320         800 ≤ RI        Significantly very high

### 2.4.3 Positive matrix factorization (PMF) model {#sec009}

The positive matrix factorization (PMF) model is a multivariate receptor model that uses pollution source identification because a PMF model requires no source profiles, uses uncertainty-weighted data and a non-negativity constraint never occurs with PMF modelling \[[@pone.0230191.ref033]\]. The identifying results from PMF modelling provide better explanations than the other methods, such as principal component analysis (PCA). Thus, in this study, we used the PMF model to identify the contamination source of the heavy metals.

The calculation process via a PMF model is to factorize the original matrix *E*~*ik*~ into two factor matrices, *X*~*ij*~ and *Y*~*jk*~, as well as a residual matrix *Z*~*ik*~, which is shown as follows: $$E_{ik} = {\sum\limits_{j = 1}^{p}{X_{ij} \bullet Y_{jk} + Z_{ik}\quad\left( i = 1,2,\ldots,n;\ k = 1,2,\ldots,m \right)}}$$

Where *E*~*ik*~ is the concentration of the kth heavy metals in the ith sample; *X*~*ij*~ is the contribution of the jth heavy metal on the *i*th sample; and *Y*~*jk*~ is the factorization of the jth heavy metal that is adjacent to heavy metal k. *X*~*ij*~ (the factor contributions) and *Y*~*jk*~ (the factor profiles) were derived from the PMF receptor model by minimizing the objective function Q, as shown below \[[@pone.0230191.ref034]\]: $$Q = {\sum\limits_{i = 1}^{n}{\sum\limits_{k = 1}^{m}\left( \frac{Z_{ik}}{t_{ik}} \right)^{2}}}$$ where *t*~*ik*~ is the uncertainty of the *k* th heavy metal for the *i*th sample. If the heavy metal concentration is higher than the minimum detection limit (MDL), which is calculated using: Unc = \[(error fraction×concentration)^2^+(MDL)^2^\]^1/2^; otherwise, is calculated using: Unc = 5/6×MDL, where Unc represents the uncertainty \[[@pone.0230191.ref001]\].

### 2.4.4 Statistical analysis {#sec010}

SPSS 19.0 and Microsoft Excel 2010 were used to perform the data analysis. ArcGIS 10.2.2 software (ESRI, US) was used to map the sampling sites. The heavy metal source analysis was conducted using a positive matrix factorization \[[@pone.0230191.ref034]\] analysis model. Origin (8.5) was used to map the index of geo-accumulation for the vegetable bases as well as the percentages of sites at different pollution levels among the total sample sites, potential ecological risk assessment results and ecological risk warning assessment results.

3. Results and discussions {#sec011}
==========================

3.1 Concentration of heavy metals {#sec012}
---------------------------------

The soil types in the study area are black soil, sandy soil and clayey soil, and the soil texture is mainly silt loam but also contains sand and clay in small percentages with pH ranging from 4.79 to 7.25, average of the pH values is 6.56. The concentration of SOM in farmland is between 4.39 and 31.21g /kg, with an average of 10.89g/kg. Heavy metals in soil of the vegetable bases showed spatial and element-specific variety ([Table 2](#pone.0230191.t002){ref-type="table"}). Mean concentrations of Cu, Zn, Ni, Pb, Cd, Hg, As and Cr were 34.88, 94.44, 33.68, 22.07, 0.17, 0.08, 6.89 and 61mg/kg, respectively. Overall, an average concentration of the heavy metal, except for As, were obviously greater than their background values in Xinjiang. The soil environmental quality standard is mainly used to guarantee and protect agricultural land and human health, thus heavy metal contents in soil exceeding the corresponding secondary criteria provide significant basis for determining the harm to human health. While the mean concentrations of every heavy metal in soil have corresponding secondary standards, the maximum contents of As and Cd were exceeded the secondary criteria, which indicated that As and Cd in the vegetable bases obviously accumulated. In fact, there is a strong focus on Cd in Chinese agricultural soils with intensive monitoring to prevent further accumulation. The CV values were calculated for the eight heavy metals because this value demonstrates the average variation degree for each sample. The CV values for Hg and As were 96.20 and 110.16%, respectively, which indicated a high variation. In contrast, the CV values of the other six heavy metals were below 40% (Cu at 23.16, Zn at 16.70, Ni at 19.79, Pb at 28.73, and Cd at 39.08%), indicating that those heavy metals had moderate to little variation (showed in [Table 2](#pone.0230191.t002){ref-type="table"}).

10.1371/journal.pone.0230191.t002

###### Statistical summary of heavy metal concentrations in vegetable bases (mg/kg).

![](pone.0230191.t002){#pone.0230191.t002g}

  Heavy metals                                                   Cu      Zn       Ni      Pb      Cd      Hg      As       Cr
  -------------------------------------------------------------- ------- -------- ------- ------- ------- ------- -------- --------
  Mean                                                           34.88   94.44    33.68   22.07   0.17    0.08    6.89     61.00
  SD [^a^](#t002fn001){ref-type="table-fn"}                      8.08    15.77    6.66    6.34    0.07    0.07    7.59     15.39
  Minimum                                                        18.94   63.75    15.58   5.50    0.06    0.01    0.01     20.84
  Maximum                                                        63.69   179.05   59.60   38.42   0.66    0.46    34.26    103.62
  CV [^b^](#t002fn002){ref-type="table-fn"} (%)                  23.16   16.70    19.79   28.73   39.08   96.02   110.16   25.24
  Skewness                                                       1.02    2.05     0.33    0.24    3.15    1.72    1.21     0.22
  Kurtosis                                                       1.60    8.33     1.52    -0.17   18.79   4.08    1.62     0.03
  Background value [^c^](#t002fn003){ref-type="table-fn"}        26.70   68.80    25.20   19.40   0.12    0.017   11.20    49.30
  Chinese soil criteria [^d^](#t002fn004){ref-type="table-fn"}   100     300      60      350     0.6     1       25       250

^a^ SD means standard deviation.

^b^ CV means coefficient of variation.

^c^ Soil heavy metal background value of Xinjiang.

^d^ Soil environmental quality standard (GB15618-1995).

The results from several former researchers' studies were listed in the [S1 Table](#pone.0230191.s001){ref-type="supplementary-material"}. Obviously, concentration of Zn, Cu, Ni, Cd, Pb and Cr for 12 suburban agricultural land ranged from 21.22\~190.4 mg/kg, 14.02\~101.25 mg/kg, 20.70\~93.70mg/kg, 0.1347\~2.10mg/kg, 10.56\~66.10mg/kg, 37.04\~97.00mg/kg respectively; Concentration of Hg and As for 5 suburban farmland ranged from 0.079\~0.13mg/kg and 6.16\~11.20mg/kg respectively. Content of Zn, Cu and Cr in this study area ranked to fifth, which indicated that those heavy metals stayed up middle accumulation level. By comparison, Ni content in this study area was higher than inland suburban areas, but lower than European city (Lisbon) and Middle East city (Tabriz). The Pb content in this suburban area compared with 7 inland suburban farmland areas exception of one suburban farmland area (Taihang Piedmont Plain) and two foreigner suburban farmland area exception of one suburban farmland area (Tabriz city), however, were lower in some extent. While concentration of Cd in this pre-urban agricultural land ranked seventh, this value exceeded references value that used in this study. In comparison, Hg content in this study area was lower than other four inland suburban. The difference of Hg content was not obvious compare to Nanjing city and Taihang Piedmont Plain, while concentration of Hg in this study area was lowest. By contrast, concentration of As in this study area was lower than suburban farmland of Nanjing, Beijing and Xianyang city respectively, and slightly higher than suburban farmlands of Taihang Piedmont Plain \[[@pone.0230191.ref035]--[@pone.0230191.ref040]\].

3.2 Environmental quality evaluation of the vegetable base soils {#sec013}
----------------------------------------------------------------

The box chart of the geo-accumulation index (I~geo~) for each metal in the soil are shown in [Fig 2A](#pone.0230191.g002){ref-type="fig"}. The mean index values of the heavy metals were ranked in the order of Hg\>Cd\>Zn\>Ni\>Cu\>Cr\>Pb\>As; all of the mean index values of the heavy metals were lower than zero, apart from that of Hg (1.03), which showed that the soil of the vegetable basis was not polluted with Cd (-0.13), Zn (-0.15), Ni (-0.20), Cu (-0.24), Cr (-0.33), Pb (-0.44) nor As (-0.384). The mean I~geo~ value of Hg was greater than one, which indicated that Hg was the main heavy metal that resulted in vegetable basis contamination with heavy metals, and its contamination degree was light to moderate contamination. The percentages of sites at different pollution levels among the total sample sites are shown in [Fig 2B](#pone.0230191.g002){ref-type="fig"}. While the mean I~geo~ value of Zn was higher than the mean index value of Cu, the percentages of uncontaminated and lightly to moderately contaminated sample sites were the same for both Zn and Cu at 79.45%(uncontaminated) and 20.55% (lightly to moderately contaminated), respectively. The heavy metals (Cu, Zn, Ni, Cr and Pb) exhibited the same contamination degree, of which the percentage of sample sites that were not contaminated with Pb (84.25%) was the highest among the five heavy metals, and the percentage of Zn- and Cu-contaminated sample sites was larger compared to the other three heavy metals. The pollution degree and percentage of moderately contaminated sample sites were the same for both Cd and As, but the ranking of the I~geo~ values of all the heavy metals was very different owing to the percentage of sites at different pollution levels among the total sample sites. The percentage of sites at different pollution levels of Hg differed from that of the other heavy metals, and the Hg contamination degree reached extremely serious levels, and those contamination levels decreased according to the following order: light to moderate (30.14%) \> moderate to heavy (27.40%) \> uncontaminated (24.66%) \> moderate (11.64%) \> heavy(5.48%) \> extremely serious (0.68%).

![Results of eight heavy metal geo-accumulation index.\
(a. The black line and bar, lower and upper edges, bars and forks in or outside the boxes represent median and mean values, 25th and75th, 5th and 95th percentiles of all data, respectively; b. Percentage of sites at different pollution level).](pone.0230191.g002){#pone.0230191.g002}

3.3 Ecological risk assessment {#sec014}
------------------------------

The potential ecological risk assessment for the individual heavy metals was calculated, as described in [Fig 3A](#pone.0230191.g003){ref-type="fig"} and classification criteria of potential ecological risk index showed in [Table 1](#pone.0230191.t001){ref-type="table"}. The mean values of the potential risk coefficient (E^i^~j~) of each heavy metal were ranked in the order of Hg\>Cd\>Ni\>Cu\>As\>Pb\>Cr\>Zn, with values of 187.39, 43.6, 6.68, 6.53, 6.16, 5.46, 2.47 and 1.37, in respectively. The E^i^~j~ values of Ni, Cu, As, Pb, Cr and Zn were lower than 40, and all belonged to the low risk level ([Table 1](#pone.0230191.t001){ref-type="table"}). The E^i^~j~ value for Cd was higher than 40 but lower than 80; thus, Cd exhibited a moderate risk for the vegetable basis. The potential ecological risk of Hg reached the heavy risk level, which indicated that Hg had a high potential ecological risk for the vegetable bases and was the main element that caused potential ecological risk. The differences between the potential ecological risk index and the geo-accumulation index are reflected in the results of Cu, Zn, Ni, Cr, Pb, Cd and As being categorized as light pollution. While the mean I~geo~ values of those metals indicated no contamination, the potential risk index showed that there was a low contamination risk for Cu, Zn, Ni, Cr, Pb and As, as well as a moderate contamination risk for Cd. The reason is mainly that the geo-accumulation index method emphasized the comparative evaluation of the heavy metal concentrations in the soil, but the potential ecological risk index focused on the toxic differences of the heavy metal elements. In the entire study area, the mean value of RI in the soil was 259.89, which indicates that all sample sites on a vegetable basis belonged to a moderate potential ecological risk level.

![Environmental quality evaluation of vegetable bases soils.\
a. Results of potential ecological risk assessment; b. Spatial distribution of the RI in the vegetable bases.](pone.0230191.g003){#pone.0230191.g003}

The spatial variation of the potential ecological risk assessment (RI) of heavy metals in the vegetable bases is presented in [Fig 3B](#pone.0230191.g003){ref-type="fig"}. The RI concentration results showed that the spatial distribution of RI had a notable zonal distribution pattern. The largest value of RI (approximately 220--440) was distributed mainly in Anningqu town and Sishihu village as well as in half of the area of Qinggedahu village. Anningqu town and Sishihu village were not only closely located to urban areas but also had the highest density of human activities, specifically transportation and industrial activities (steel, cement, metallurgy, processing, etc.). Qinggedahu village was closely located to the Midong industrial area and used groundwater and the effluent from a sewage treatment plant for irrigation. The lowest and moderate values of RI ([Table 1](#pone.0230191.t001){ref-type="table"}) were mainly observed in Liushihu village ([Fig 3B](#pone.0230191.g003){ref-type="fig"}). Due to it's small population size there is less human impacts on environmental pollution, furthermore its located far from urban and industrial areas. The groundwater as the main water source for irrigation of this village.

The potential risk status of farmland had been studied previously around the world. In the Xunyang area, the mean value of RI was 259, indicating a moderate ecological risk, and Hg and Cd were the main heavy metal elements, which posed a high and considerable potential ecological risk, respectively, in the agricultural area \[[@pone.0230191.ref005]\]. On the Qinghai-Tibet Plateau, the average concentrations of Hg and Cd were 0.28 and 0.68 mg/kg, respectively, which exceeded their background value 40 and 108 times, respectively, and the RI value in the soil ranged from 234.6 to 375.9. Hg and Cd posed a high potential ecological risk for the region \[[@pone.0230191.ref022]\]. The soils in the Saudi Arabian dense agricultural area exhibited degrees of heavy metal potential ecological risk that ranged from large to small, and followed the ranking of Cd, Pb, Cu, Cr, Ni, Zn and Cd, the latter of which posed the highest potential ecological risk among the heavy metal elements \[[@pone.0230191.ref041]\]. In the north-eastern area of Hanoi, Vietnam, the agricultural soil presented a moderate environmental risk, and As and Cd had relatively high contribution rates \[[@pone.0230191.ref042]\]. In comparison, the potential ecological risk level \[[@pone.0230191.ref005]\], \[[@pone.0230191.ref022]\] and contribution order of the heavy metals \[[@pone.0230191.ref043]--[@pone.0230191.ref044]\] were anastomosis with former researchers' findings.

3.4 Source apportionment for the different elements by the PMF model {#sec015}
--------------------------------------------------------------------

### 3.4.1 Source apportionment {#sec016}

To further identify and quantify the source of heavy metals in the suburban vegetable bases and to determine the contribution of each heavy metal, the PMF model (version 5.0) was used with eight parameters of soil samples. In our study, to ensure model fitness and determine the best solution, all heavy metals were defined as "strong" except for Pb, Hg and As, and the number of factors was set to 4 and 5. Then, the PMF model was run 20 times. Whether the number of factors was 4 or 5, the Q value was the smallest and the vast majority of the residuals was between -3 and 3, but the coefficient of the observed and predicted values (R^2)^ and the number of heavy metals was different. Thus, we considered the pollutant degree accounting for each heavy metal, selected five factors, and then running the PMF model. The relationship between the heavy metal concentrations and predicted concentrations is shown in [Fig 4](#pone.0230191.g004){ref-type="fig"}. Cr, Hg and As had high R^2^ values of 0.96, 0.99 and 0.99, respectively, and Cu, Zn and Cd had R^2^ values greater than 0.6. The remaining heavy metals, namely, Ni and Pb, had lower R^2^ values of 0.57 and 0.54, respectively. While the R^2^ values of Ni and Cd were slightly lower, the predicted values of Ni and Cd represented the observed values well at most sites, which did not affect finding the best solution. Therefore, the PMF model used a reasonable number of factors to better demonstrate the information contained in the original data.

![Relationship between the observed and predicted heavy metal concentration by the PMF method.](pone.0230191.g004){#pone.0230191.g004}

Factor 1 was mainly dominated by Pb and Cd (48.50 and 55.90%, respectively; [Fig 5A](#pone.0230191.g005){ref-type="fig"}). Moderate and high coefficients of variation could reflect the influence of humankind \[[@pone.0230191.ref045]\]. Both Pb and Cd had moderate coefficients of variation, 28.73 for Pb and 39.07 for Cd, which indicates that they were influenced by human activities ([Table 2](#pone.0230191.t002){ref-type="table"}). Pb is an indicator element of traffic emission due to the utilization of engines and catalysts as well as the burning of fuels \[[@pone.0230191.ref046]\]. In addition, Huang et al. \[[@pone.0230191.ref047]\] found that most Pb in the environment came from traffic emission using the Pb isotope ratio. Hu et al. \[[@pone.0230191.ref048]\] studied the adsorption and desorption characteristics in the soil in arid areas and found that oasis soil in arid areas had a great adsorption capacity for Pb. Moreover, there were two national highways (312 and 216) and two county highways (Tuwuda and Wukui), which crossed farmland, and the Pb discharged from motor vehicles accumulated in the topsoil causing Pb pollution of the soil. On the one hand, Cd mainly came from three industrial waste sources, namely, waste gas, wastewater and waste residue \[[@pone.0230191.ref049]\]. Li et al. \[[@pone.0230191.ref050]\] studied the spatial distribution and source identification of heavy metals in insoluble snow in Urumqi (China) and found that the contents of Cd in the northeast (Anningqu), where industrial areas were more common compared to other areas, exhibited a reduced tendency from the northeast to the southeast. In addition, some research also found that the concentration of Cd in dust in Urumqi (China) exceeded the local background value \[[@pone.0230191.ref051]\]. Furthermore, compared to the local background value, the mean concentration value of Cd exceeded that value by 1.45 times. Therefore, the first factor was classified as atmospheric deposition.

![Source profiles and source contributions of soil heavy metal from PMF.\
(a. factor 1; b. factor 2; c. factor 3; d. factor 4; e. factor 5; f. the mean contribution rate (%) of 5 factors).](pone.0230191.g005){#pone.0230191.g005}

Factor 2 was characterized by Cr at a level of 69.80% ([Fig 5B](#pone.0230191.g005){ref-type="fig"}). The range of the Cr concentration was from 20.84 to 103.63 mg/kg, and the mean value was greater than the reference value, which indicated that the Cr in the soil in the vegetable bases, to a certain extent, had undergone human activities. In addition, some research found that the concentration of Cr in soil exceeded the background value by 1.38 times in China \[[@pone.0230191.ref052]\].The study area is located northeast of Urumqi, where nearby areas have many industrial factories, such as iron and steel thermo-electric factories, and is defined as an industrial area. Cr in the environment is immobile, less soluble and stable; thus, Crenters the soil environment via waste disposal emanating from a series of industrial activities, such as timber treatment, industrial metal processing and sewage sludge \[[@pone.0230191.ref053]\]. Increases in the Cr concentration are well known from sewage farm soils that are associated with long-term irrigation with wastewater \[[@pone.0230191.ref054]\]. Moreover, the study area has a long-term history of irrigation with sewage but currently stopped sewage irrigation. In a previous study, Cr in the irrigation water exceeded the background value by approximately 9 times \[[@pone.0230191.ref028]\]. Therefore, the second factor could be considered a sewage irrigation source.

Factor 3, As, had a high factor loading value of 82.90% ([Fig 5C](#pone.0230191.g005){ref-type="fig"}), which was significantly higher than that of the other remaining elements and was a marker element for factor three. While the coefficient of variation of As was 110.16%, which was the largest value among the eight heavy metals in soil, the average concentration of As (6.89 mg/kg) was lower than the reference value (11.2 mg/kg) by 1.63 times. Moreover, the percentage of uncontaminated sample sites was approximately 90% ([Fig 2B](#pone.0230191.g002){ref-type="fig"}), which means that the As content in the soil in the study area was relatively low. In summary, factor three was classified as the soil parent material.

Factor 4, Hg, received a higher weighting than the remaining heavy metals (83.60%, [Fig 5D](#pone.0230191.g005){ref-type="fig"}). The average concentration of Hg was 0.079 mg/kg ([Table 2](#pone.0230191.t002){ref-type="table"}), which was greater than the reference value (0.017 mg/kg). This indicated that Hg pollution in vegetable soil had been increasing from anthropogenic sources. Tian et al. \[[@pone.0230191.ref055]\] found that the total emission of Hg from municipal solid waste burning in China significantly increased from 5.35 t in 2003 to 36.7 t in 2010. In addition, Lei et al. \[[@pone.0230191.ref056]\] showed that Hg mainly came from coal-fired power plants, non-ferrous metal smelting and cement production, and other sources, such as iron and steel production and residential coal combustion. For Xinjiang (China), the proportion of residential coal combustion was greater than the other sources. The study results of Zhang et al. \[[@pone.0230191.ref057]\] showed that the atmospheric deposition of Hg could change the Hg isotopic composition in the farmland topsoil close to industrial areas, and the Hg content in the topsoil was higher than that in the subsoil. The investigation reported that Hg content in coal in China is relatively high (about 0.17 mg/kg). In the process of burning coal, Hg can easily escape into the atmosphere with flue gas and fly ash, and then enters the soil through atmospheric deposition \[[@pone.0230191.ref058]\]. Furthermore, Urumqi has a permanent population of 3.55 million people with a population density of 173.5 people/km^2^ \[[@pone.0230191.ref025]\]. The duration of the winter in Urumqi is relatively long, and early October begins the heating season, which lasts until the middle march. According to field sampling, there were many greenhouses that were mainly used to produce vegetables in the winter using coal. In summary, considering the above considerations, the fourth factor could be attributed to a complex source of industrial and residential coal combustion. Certain studies published similar results \[[@pone.0230191.ref021]\].

Factor 5 was defined by Cu, Zn, Pb and Ni (45.30, 41.60, 36.30 and 50.70%, respectively; [Fig 5E](#pone.0230191.g005){ref-type="fig"}). The mean concentrations of these heavy metals (Cu, Zn, Pb and Ni) exceeded the respective reference values, indicating that these metals in the soil had accumulated to some degree. Almost all farmers in the study area were planting vegetables and applied a large amount of fertilizer (mineral fertilizer, organic fertilizer and manure) and pesticide to maintain and improve the [soil fertility](https://www.sciencedirect.com/topics/earth-and-planetary-sciences/soil-fertility) and ensure the production. Joimel et al. \[[@pone.0230191.ref059]\] studied heavy metals in French urban vegetable gardens and found that the concentration of Cu and Zn was higher than the local background value due to the utilization of fertilizers and pesticides. In addition, Cu and Zn are common ingredients in certain pesticides, and the use of pesticides is likely to generate a sum of 5000 t of Cu and 1200 t of Zn entering the soil per year in China \[[@pone.0230191.ref060]\]. Moreover, Cu, as an inherent component of additives in livestock diets, is transferred to animal manures, and thus Cu is normally a marker of the livestock manure applications \[[@pone.0230191.ref061]--[@pone.0230191.ref062]\]. The accumulation of Cu and Zn in soil was likely caused by manure utilization due to these heavy metals being present in the feedstuff as an additive against antimicrobial effects and for growth promotion \[[@pone.0230191.ref063]\]. Thus, the two heavy metals entered the soil via agricultural practices. On the other hand, Ni is mainly associated with trace elements such as Fe and Mn, which are probably derived from soil parent materials, and the Ni in the farmland soil is generated from subsequent pedogenesis \[[@pone.0230191.ref064]\]. While the concentrations of these heavy metals exceeded the reference values, more than 79% of the samples of the three metals were not contaminated ([Fig 2B](#pone.0230191.g002){ref-type="fig"}), the differences between the observed concentrations and reference values were not large, and the coefficients of the three heavy metals were not high ([Table 2](#pone.0230191.t002){ref-type="table"}). Therefore, according to the low coefficient of variation and the high percentage of unpolluted sample sites, the anthropogenic inputs of Zn and Cu in fertilizers and pesticides may have been lower than the contents already present in the soil. In summary, the fifth factor could be attributed to the combination of an agricultural and lithogenic source. Certain other studies have reported similar results.

The mean contribution rates of the different pollution sources were calculated using the intensity of the samples and the source contribution of each heavy metal estimated by the PMF method and are presented in [Fig 5F](#pone.0230191.g005){ref-type="fig"}. It was found that the combined agricultural and lithogenic source had the greatest contribution (23.59%), followed by sewage irrigation (21.17%), soil parent material (19.11%), and atmospheric deposition (18.70%) as well as industrial and residential coal combustion (17.43%). Clearly, the soil contamination with heavy metals was mainly derived from an agro-lithogenic source and sewage irrigation, and the contribution rate of those sources accounted for 44.76%. This result, to a certain extent, illustrated whether the contributions of agricultural sources (fertilization and sewage irrigation), atmospheric depositions, or various industrial (coal combustion) activities to the heavy metal accumulation in soil were greater than those by natural sources ([Fig 6](#pone.0230191.g006){ref-type="fig"}). Therefore, to ensure the soil quality and quantity as well as green agricultural development, we could not ignore the various sources, specifically the agricultural sources. In addition, the agricultural and industrial activities would need to be properly adjusted and strictly limited in these vegetable bases.

![Spatial distribution of the different source intensities of heavy metals in the soil.](pone.0230191.g006){#pone.0230191.g006}

### 3.4.2 Spatial intensities of the sources {#sec017}

The spatial distribution pattern of the different source intensities of the heavy metals in soil in the vegetable bases varied ([Fig 6](#pone.0230191.g006){ref-type="fig"}). The ranges of intensity of each factor were varied, for example, approximately 0.08--2.29 for factor 1, approximately -0.2--2.11 for factor 2, approximately -0.2--5.15 for factor 3, approximately -0.19--6.89 for factor 4 and approximately 0.16--1.99 for factor 5 ([Fig 6](#pone.0230191.g006){ref-type="fig"}). The mean intensity of each factor was the same (1.00), while the magnitudes of the intensity of each factor differed from one another.

There was no notable regular trend in the spatial distribution of the intensity of the atmospheric deposition. Higher and lower intensities of this factor were alternately distributed ([Fig 6A](#pone.0230191.g006){ref-type="fig"}). Higher intensities of sewage irrigation were concentrated in the northern part (Liushihu village) and north-eastern part (Sishihu village) of the vegetable bases, while the intensities in the southern part were relatively low ([Fig 6B](#pone.0230191.g006){ref-type="fig"}). It is a widespread and serious issue around the world that soils are being contaminated with heavy metals via sewage irrigation, for instance, in France \[[@pone.0230191.ref065]\], Germany \[[@pone.0230191.ref066]\], India \[[@pone.0230191.ref067]\] and China \[[@pone.0230191.ref068]\]. The vegetable bases have a long-term history of irrigation with effluent from sewage treatment plants, and Cr in the well water used for irrigation exceeded the standard limit \[[@pone.0230191.ref028]\]. The intensity of the soil parent material was largely different in the study area. High intensities were mainly located in Anninqu town, Sishihu village and Qinggedahu village, while low intensities of this factor were distributed in Liushihu village ([Fig 6C](#pone.0230191.g006){ref-type="fig"}). The mean values of the As concentration, SD and CV for all soil samples were 6.89 mg/kg, 7.59 and 110.16%, respectively ([Table 2](#pone.0230191.t002){ref-type="table"}). The mean values of the As content, SD and CV for the three areas (Anningqu town, Sishihu village and Qinggedahu village) in the vegetable bases were 11.91 mg/kg, 6.37 and 53.51%, respectively, and 0.09 mg/kg, 0.8 and 86.37%, respectively, for Liushihu village. When comparing the three mean As content values, the average As contents in Anningqu town, Sishihu village and Qinggedahu village were higher than the other two average concentrations and slightly exceeded the respective background values. There were no notable low intensities of residential and industrial coal combustion ([Fig 6D](#pone.0230191.g006){ref-type="fig"}). Higher intensities of this factor were mainly distributed in Anningqu town and Sishihu village. The intensity distribution pattern was consistent with the distribution pattern of the RI ([Fig 3B](#pone.0230191.g003){ref-type="fig"}). The fourth factor was mainly dominated by Hg in the soil ([Fig 5D](#pone.0230191.g005){ref-type="fig"}), and the Hg contribution of 259 to the potential ecological risk resulted in this factor being ranked as first and as the main heavy metal element causing ecological risk ([Fig 3A](#pone.0230191.g003){ref-type="fig"}). The intensities of the application of fertilizers and pesticides and of lithogenic sources gradually increased from the southern part to the northern part, from the eastern part to the western part as well. The intensities of the fifth factor in Liushihu village were greater than those in the other three villages ([Fig 6E](#pone.0230191.g006){ref-type="fig"}). The intensity distribution pattern, however, was completely different from the distribution pattern of the RI ([Fig 3B](#pone.0230191.g003){ref-type="fig"}). [Fig 3B](#pone.0230191.g003){ref-type="fig"} suggests that the lower values of the RI were mainly located in Liushihu village, but [Fig 6E](#pone.0230191.g006){ref-type="fig"} suggests the opposite distribution pattern. This phenomenon was most likely associated with the toxicities of the heavy metals.

4. Conclusions {#sec018}
==============

In this study, various approaches including the geo-accumulation index and ecological risk index were used to investigate the lateral distribution of the heavy metal risk. Positive matrix factorization (PMF) analysis was conducted to better identify the possible sources of the heavy metals in the vegetable bases. The results of heavy metal concentrations showed that the average concentrations of the eight heavy metals in the soil exceeded the local respective background values, except for As. The geo-accumulation index (I~geo~) was lower than zero for Cu, As, Cd, Zn, Ni, Cr and Pb, while the I~geo~ of Hg was greater than one, which indicates that Hg was the main element that caused contamination in the vegetable bases. The mean value of the potential ecological risk index (RI) was 259.89 and resulted in a moderate ecological risk, in which the potential ecological coefficients (E^i^~j~) of Hg and Cd were 187.36 and 43.6, respectively. The E^i^~j~ values of these two heavy metals accounted for 88.87% of the total RI. In addition, the PMF analysis revealed that Pb and Cd were dominated by atmospheric deposition, with contributions of 48.50 and 55.90%, respectively; 48.50% of the Pb concentration was controlled by atmospheric deposition, and Pb from agro-lithogenic sources accounted for 36.30%. The Cd concentration of 55.90% was dominated by atmospheric deposition. Sewage irrigation sources accounted for 69.80% of the Cr content, and the remaining concentration was controlled by other pollution sources. Soil parent material contributed 82.90% of the As content. Industrial and residential coal combustion accounted for 83.60% of the Hg concentration, and the remaining concentration was attributed to other sources. Agricultural and lithogenic sources accounted for 45.30% of the Cu concentration, 41.60% of the Zn concentration and 50.70% of the Ni concentration. The results of the study should be used to control and reduce the heavy metal element inputs and ensure the safety and quality of vegetable production through regular monitoring, source control and integrated environmental management.

Supporting information {#sec019}
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###### Descriptive statistics of soil heavy metals in different suburban farmlands (Unit: mg/kg).
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10.1371/journal.pone.0230191.r001

Decision Letter 0

Bhat

Sartaj Ahmad

Academic Editor

© 2020 Sartaj Ahmad Bhat

2020

Sartaj Ahmad Bhat

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

27 Aug 2019

PONE-D-19-20453

Ecological Risk Assessment and Source Identification of Heavy Metal Pollution in Vegetable Bases of Urumqi, China, using the Positive Matrix Factorization (PMF) Method

PLOS ONE

Dear Dr. Balati Maihemutia,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

==============================

ACADEMIC EDITOR:The manuscript needs considerable revision before publication. The authors have cited Table 3 in line no 471, 514, but the manuscript contains only Table 1. The authors should carefully revise the manuscript. 

==============================

We would appreciate receiving your revised manuscript by October 4. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Sartaj Ahmad Bhat, Ph.D

Academic Editor

PLOS ONE

**Journal Requirements:**

1\. When submitting your revision, we need you to address these additional requirements.

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. In your Methods section, please provide additional location information of the collection sites, including geographic coordinates for the data set if available.

3\. We note that  Figure(s) 1 & 3 in your submission contain \[map/satellite\] images which may be copyrighted. All PLOS content is published under the Creative Commons Attribution License (CC BY 4.0), which means that the manuscript, images, and Supporting Information files will be freely available online, and any third party is permitted to access, download, copy, distribute, and use these materials in any way, even commercially, with proper attribution. For these reasons, we cannot publish previously copyrighted maps or satellite images created using proprietary data, such as Google software (Google Maps, Street View, and Earth). For more information, see our copyright guidelines: <http://journals.plos.org/plosone/s/licenses-and-copyright>.

We require you to either (1) present written permission from the copyright holder to publish these figures specifically under the CC BY 4.0 license, or (2) remove the figures from your submission:

a\) You may seek permission from the original copyright holder of Figure(s) \[\#\] to publish the content specifically under the CC BY 4.0 license.  

We recommend that you contact the original copyright holder with the Content Permission Form (<http://journals.plos.org/plosone/s/file?id=7c09/content-permission-form.pdf>) and the following text:

"I request permission for the open-access journal PLOS ONE to publish XXX under the Creative Commons Attribution License (CCAL) CC BY 4.0 (<http://creativecommons.org/licenses/by/4.0/>). Please be aware that this license allows unrestricted use and distribution, even commercially, by third parties. Please reply and provide explicit written permission to publish XXX under a CC BY license and complete the attached form."

Please upload the completed Content Permission Form or other proof of granted permissions as an \"Other\" file with your submission.

In the figure caption of the copyrighted figure, please include the following text: "Reprinted from \[ref\] under a CC BY license, with permission from \[name of publisher\], original copyright \[original copyright year\]."

b)  If you are unable to obtain permission from the original copyright holder to publish these figures under the CC BY 4.0 license or if the copyright holder's requirements are incompatible with the CC BY 4.0 license, please either i) remove the figure or ii) supply a replacement figure that complies with the CC BY 4.0 license. Please check copyright information on all replacement figures and update the figure caption with source information. If applicable, please specify in the figure caption text when a figure is similar but not identical to the original image and is therefore for illustrative purposes only.

The following resources for replacing copyrighted map figures may be helpful:

USGS National Map Viewer (public domain): <http://viewer.nationalmap.gov/viewer/>

The Gateway to Astronaut Photography of Earth (public domain): <http://eol.jsc.nasa.gov/sseop/clickmap/>

Maps at the CIA (public domain): <https://www.cia.gov/library/publications/the-world-factbook/index.html> and <https://www.cia.gov/library/publications/cia-maps-publications/index.html>

NASA Earth Observatory (public domain): <http://earthobservatory.nasa.gov/>

Landsat: <http://landsat.visibleearth.nasa.gov/>

USGS EROS (Earth Resources Observatory and Science (EROS) Center) (public domain): <http://eros.usgs.gov/#>

Natural Earth (public domain): <http://www.naturalearthdata.com/>

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: In reference to this manuscript, I consider that the theme is appropriate and within the scope of your journal, but there are too many errors and shortcomings in the work.

1\. Please avoid using first person point-of-view terms (e.g., we, our, my, etc.)

2\. Please rewrite Key words to highly summarize the main job of your article.

3\. In lines 104-106, please check the terminology of source apportionment out twice.

4\. In the Introduction section, you only mentioned the importance of receptor model (PMF). However, there is no implication about ecological risk assessment, which is very important in this work. Please involve it to your Introduction.

5\. Please avoid irregular writing format like lines 145, 178 and 195, etc.

6\. Why was the even lower value larger than the low value in lines 347-348?

7\. In lines 425, authors said that the coefficient of variation of As was the largest value among the eight heavy metals, please discuss it in depth.

8\. The conclusions must be written in accordance with the objectives and with the results obtained. Please improve this part.

Reviewer \#2: The manuscript represents good quality of work. However, there are certain shortcomings which are to be incorporated to get the manuscript published in such reputed journal.

• First line of introduction is a repeat of same as in abstract. So it can be deleted in Introduction.

• The results of pH, Soil texture and SOM mentioned in Materials and Methods (Section 2.3) should be presented in Results and Discussion section and instead the methodology part should be made clearer. For example, How was SOM measured?

• The statement : 'The results from several former researchers studies were listed in the Table S1' . Table S1 could not be seen. If it is supplementary, it should be opened via link.

• In Line 390, 432, 471, 514, there is mention of Table.3, but the table does not exist in manuscript.

• In figure captions "5th and 95th and 5th and 95th percentiles of all data", correct it as '5th and 95th percentiles of all data',

• Although results are well written but discussion needs improvement. If other studies are mentioned in table S1 (which is missing here), these studies are also to be correlated to the present work.

Accepted only after minor revisions

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

###### 

Submitted filename: review plos one.doc

###### 

Click here for additional data file.

10.1371/journal.pone.0230191.r002

Author response to Decision Letter 0

23 Oct 2019

Response to Reviewers

• Reviewer \#1:

1\. Please avoid using first person point-of-view terms (e.g., we, our, my, etc.)

Response: Thank you for your comments and suggestions. We had improved the expression of this paper, please see the revised paper for details.

2\. Please rewrite Key words to highly summarize the main job of your article.

Response: Thank you for your suggestions. We had revised Key words of this paper, please see the revised paper for details (which are highlighted in blue).

2\. In lines 104-106, please check the terminology of source apportionment out twice.

Response: Thank you for your advice. We checked the lines 104-106 of this paper and we couldn\'t find any problem as you said in this sentence (To control and prevent heavy metal pollution, the source identification and apportionment are very important, and the selection of a proper and effective model is essential for accurate results)

3\. In the Introduction section, you only mentioned the importance of receptor model (PMF). However, there is no implication about ecological risk assessment, which is very important in this work. Please involve it to your Introduction.

Response: Thank you for your suggestions. We had revised introductions of this paper, please see the revised paper for details (which are highlighted in blue).

5\. Please avoid irregular writing format like lines 145, 178 and 195, etc.

Response: Thank you for pointing out the mistake. We had revised and please see the revised paper for details (which are highlighted in blue).

6\. Why was the even lower value larger than the low value in lines 347-348?

Response: Thank you very much for your comments. The RI values of the Liushihu village was lower than other town or village, because this village far from the industrial area and have a less population, Furthmore, groundwater (in this area groundwater less polluted than surface water) was the main source for irrigation of this village.

7\. In lines 425, authors said that the coefficient of variation of As was the largest value among the eight heavy metals, please discuss it in depth.

Response: Thank you for your suggestions.

8\. The conclusions must be written in accordance with the objectives and with the results obtained. Please improve this part.

Response: We are extremely thankful your valuable comments that have greatly improved the clarity of this article.

Reviewer \#2:

• First line of introduction is a repeat of same as in abstract. So it can be deleted in Introduction.

Response: Thank you for pointing out the mistake. It has now been corrected.

• The results of pH, Soil texture and SOM mentioned in Materials and Methods (Section 2.3) should be presented in Results and Discussion section and instead the methodology part should be made clearer. For example, How was SOM measured?

Response: Thanks a lot for this constructive comments and suggestions. The methods of the manuscript are refined as the reviewer commented. please see the revised paper for details (which are highlighted in red).

• The statement: 'The results from several former researchers studies were listed in the Table S1'. Table S1 could not be seen. If it is supplementary, it should be opened via link.

Response: Thanks a lot for this valuable comment and pointing out the shortcoming. As reviewer suggested, the supplementary table take on opened via link.

• In Line 390, 432, 471, 514, there is mention of Table.3, but the table does not exist in manuscript.

Response: Thank you for pointing this mistake out. It has now been corrected. Please check the Line 390, 432, 471, 514 (which are highlighted in red).

• In figure captions "5th and 95th and 5th and 95th percentiles of all data", correct it as '5th and 95th percentiles of all data',

Response: Thank you for pointing out this mistake. It has been revised in figure caption list.

• Although results are well written but discussion needs improvement. If other studies are mentioned in table S1 (which is missing here), these studies are also to be correlated to the present work.

Response: we are very appreciated your valuable comments that have greatly improved the clarity of this article.

The editor's suggestion and reviewer's comments were really helpful and gave us a better perspective of our work. We hope that the revised manuscript would meet the requirement for publication.

Thanks again for your kindly help.

Sincerely yours,

Miradil Kurban, Balati Maihemuti, Ezzatgul Wali and Tuerxun Tuerhong

\*Corresponding author: Balati Maihemuti

Address: College of Resource and Environment Sciences Xinjiang University, 14 Shengli Road, Tianshan Region, Urumqi 830046, People's Republic of China

E-mail addresses: <bmaihemuti@xju.edu.cn>

###### 

Submitted filename: Response to Reviewers.doc

###### 

Click here for additional data file.

10.1371/journal.pone.0230191.r003

Decision Letter 1

Bhat

Sartaj Ahmad

Academic Editor

© 2020 Sartaj Ahmad Bhat

2020

Sartaj Ahmad Bhat

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

2 Dec 2019

PONE-D-19-20453R1

Ecological Risk Assessment and Source Identification of Heavy Metal Pollution in Vegetable Bases of Urumqi, China, using the Positive Matrix Factorization (PMF) Method

PLOS ONE

Dear Balati Maihemuti,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

==============================

ACADEMIC EDITOR: I agree with the several very serious concerns of the Reviewer 1 who is in full agreement with the critics to this manuscript. Kindly revise the manuscript thoroughly. 

==============================

We would appreciate receiving your revised manuscript by Jan 16 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Sartaj Ahmad Bhat, Ph.D

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: N/A

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: No

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Most of the comments that I sent previously were not answered/considered. Some problems still laid on this work, the first-person point-of-view terms are still used in this article, the key words are still cannot stand for this work, and the discussions are still in poor situation. Therefore, this article cannot be considered by this journal currently.

Reviewer \#3: The research work presented in manuscript is important considering in increase in Pollution and thus heavy metals in biosphere. Though, some minor revisions are still required for the manuscript to be ready for publication.

• Use of Pronouns should be avoided in manuscript.

• Language needs improvement in the entire manuscript. Some sentences are incomplete, while others are not grammatically correct.

• Are you sure this is the first report on ecological risk associated with heavy metals in the vegetable bases, as mentioned in introduction? Or this is the first such report for the particular area?

• Probably you used SPSS 19.0 and not SPPS 19.0 as mentioned in line 242, please check.

• The sentence "The low (approx. 0-150) and even lower (approx. 150-300) RI values......." Is still not clear. It can be rewritten as "in Liushihu village, where the density of human 351 activities and the amount of transportation were relatively low, groundwater was the 352 main source for irrigation and it was located far from urban and industrial areas, RI values exhibited light and moderate risk. Please modify.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0230191.r004

Author response to Decision Letter 1

24 Feb 2020

We at the first place are very much thankful to you for giving us an opportunity to revise our manuscript according to the comments of the reviewers. Also we wish to express our heartfelt thanks to you for your systematic and scientific arrangement of peer review process. We would also like to thank the current three reviewers for their time spent in reviewing our manuscript and for their constructive comments. We have addressed all the points raised by the reviewers and also consequently revised the manuscript (the highlighted parts) as per the reviewers' comments. The revision also has been proofread by native English speaker with the language editing service of American journal experts. Definitely based on their comments, we feel that the scientific quality of manuscript has been considerably improved to be selected for publication in PLOS ONE. We have great pleasure in submitting our revision with the response to the reviewers' comments for your kind perusal and consideration.

###### 

Submitted filename: Response to Reviewers-2.doc

###### 

Click here for additional data file.

10.1371/journal.pone.0230191.r005

Decision Letter 2

Bhat

Sartaj Ahmad

Academic Editor

© 2020 Sartaj Ahmad Bhat

2020

Sartaj Ahmad Bhat

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

25 Feb 2020

Ecological Risk Assessment and Source Identification of Heavy Metal Pollution in Vegetable Bases of Urumqi, China, using the Positive Matrix Factorization (PMF) Method

PONE-D-19-20453R2

Dear Dr. Maihemuti,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Sartaj Ahmad Bhat, Ph.D

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

10.1371/journal.pone.0230191.r006

Acceptance letter

Bhat

Sartaj Ahmad

Academic Editor

© 2020 Sartaj Ahmad Bhat

2020

Sartaj Ahmad Bhat

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

23 Mar 2020

PONE-D-19-20453R2

Ecological Risk Assessment and Source Identification of Heavy Metal Pollution in Vegetable Bases of Urumqi, China, using the Positive Matrix Factorization (PMF) Method

Dear Dr. Maihemuti:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Sartaj Ahmad Bhat

Academic Editor

PLOS ONE

[^1]: **Competing Interests:**The authors declare that there is no conflict of interests regarding the publication of this paper.
